In a previous paper (4) we submitted certain data concerning the effects produced on the germination of seeds and the growth of seedlings under restricted periods of selective irradiation as obtained by the use of filters which screened out, by successive steps, the various portions of the ultraviolet light radiated by a quartz mercury arc lamp. In this article there are presented determinations on the germination of common garden seeds and the growth of seedlings when irradiated for one, two, five and ten minutes every twenty-four hours respectively under the same lamp and when kept in darkness or under the subdued daylight as transmitted into the room by ordinary window glass.
In a previous paper (4) we submitted certain data concerning the effects produced on the germination of seeds and the growth of seedlings under restricted periods of selective irradiation as obtained by the use of filters which screened out, by successive steps, the various portions of the ultraviolet light radiated by a quartz mercury arc lamp. In this article there are presented determinations on the germination of common garden seeds and the growth of seedlings when irradiated for one, two, five and ten minutes every twenty-four hours respectively under the same lamp and when kept in darkness or under the subdued daylight as transmitted into the room by ordinary window glass.
Experimental conditions An air-cooled quartz mercury arc lamp* was used and operated at 70 volts and at a distance of 50 cm. The lamp was standardized and found to give a grade 1 reaction, or transient erythema, of the normally unexposed skin of the upper arm in three minutes at a distance of 50 cm. and a grade 2 effect, or permanent erythema, in six minutes.
Carefully selected seeds of lettuce, radish and turnip were placed upon moist blotters in suitable and similar glass containers, and each was covered with a piece of ordinary window glass of the same thickness which was removed only at the time of irradiation. Conditions were maintained as uniformly as possible with respect to temperature, moisture and methods of handling the seeds and seedlings. The seeds contained in two of the jars were kept as normal controls; those contained in the remaining jars were irradiated from above for one, two, five and ten minutes, respectively, two jars and contents being used for each period of exposure. One jar of each pair was then placed in darkness until the next period of irradiation; the second one in each case was subjected to the full complement of diffuse daylight present in the room and was exposed, therefore, to such infra-red, visible and ultraviolet radiations as penetrate window glass. Observations were made at the end of the first twenty-eight hour period and at each twenty-four hour period thereafter. Measurements (millimeters) were taken on the growth of the seedlings attained at the end of each period. In order to differentiate the terms germination and growth, we are using here, as in the previous paper, the word germination to include the earlier and inner growth prior to the first external appearance of the seedling root or radicle.
Experimental results Tabulations of the experimental data obtained under various periods of irradiation and subsequent disposition of the seedlings (that is, whether kept in the subdued daylight of the room or in a dark cabinet) are given in tables I, II and III. In figures 1 and 3 are shown graphically the effects of irradiation by a quartz mercury lamp on the growth of seedlings of lettuce and turnip, respectively, when kept in darkness; figures 2 Relationships between the lengths of seedlings (mm.), daily period of irradiation (minutes) and number of periods of irradiation in the case of lettuce seeds grown under subdued daqlight. Curve 1, normal control; curve 2, one minute daily irradiation at 50 cm. by a quartz mercury arc operated at 70 volts; curve 3, two minutes daily irradiation; curve 4, five minutes daily irradiation; curve 5, ten minutes daily irradiation. 4 . Relationships between the lengths of seedlings (mm.), daily period of irradiation (minutes) and number of periods of irradiation in the case of turnip seeds grown in s-ubdued daylight. Curve 1, normal control; curve 2, one minute daily irradiation; curve 3, two minutes daily irradiation; curve 4, five minutes daily irradiation; curve 5, ten minutes daily irradiation.
,Or three periods of daily irradiation, of from five to ten minutes each, induce the maximal rate of growth. Under such circumstances, however, the maximum of growth is quickly reached and passed, due without doubt to the fact that, coupled with the stimulative effects on the endogenous growth of the cells of the rootlet, there is also a lethal effect produced by reason of the fact that the exogenous metabolism of the cells is interfered with by virtue of changes in the permeability of cell membranes or cell contents. The immediate changes produced are of the same essential nature as those caused by temporary exposure to high temperatures or other activating agents. The degree of growth attained at the end of three or four periods of ultra-violet irradiation, of from five to ten minutes each, is maintained for several days, indicating that the factors making for growth are approximately balanced by those tending toward death and annihilation. We may, in passing, very properly raise the question whether the maximal growth is attained under irradiation for three daily periods of five to ten minutes each and whether growth is then suddenly terminated. It would seem to be just as logical and as probable that the stimulative effects of the initial periods of irradiation are carried over into the growth of the few succeeding days and that the lethal effects of irradiation have obtained from the very beginning. Incidentally, the series of results reported here are similar in general to the effects we have found to be produced by ultraviolet radiation from a quartz mercury arc lamp on the early larval development of Rana pipiens (5).
In figure 5 we have plotted the lengths (mm.) of seedlings grown in darkness (in the case of the experiments on turnip seeds only) as ordinates and the total time of irradiation as abscissae. We have assumed implicitly that all the seedlings in the five groups would have reached the same length at the end of any given day (for example, at the end of seventy-six hours, a length of 30 mm. and marked as the point a on curve 1, figure 5 ) if all of them had been treated as normal, non-irradiated seeds and seedlings kept constantly in darkness. The point marked c on curve 1 represents a total growth of 21 mm. at the end of the same seventy-six hours under a total irradiation from the quartz mercury lamp of three minutes; point e, six minutes, and so on. The line ab may be taken to represent the normal growth of a non-irradiated seedling kept in darkness, since it is a line connecting points (lying on the axis representing length of seedlings) which show the daily growth from the third day on (for example, the point a at the end of seventy-six hours) and under zero daily period of irradiation. The line cd joins points which indicate the length of the seedling after it has been irradiated one minute daily on successive days; the line ef passes through points plotted to show the lengths attained under daily periods of irradiation of two minutes; and so on, for the lines gh and ij. The slopes of these lines indicate that the daily amount of retardation in growth and therefore the rates of retardation in growth vary with the length of the daily period of irradiation. If, therefore, we are desirous of ascertaining the rate of retardation or percentage change in the growth of the seedling for a daily period of irradiation of one minute as given by the mercury vapor quartz lamp, we simply need to subtract the values as given on the line cd from those shown for corresponding days on the line ab, thereby obtaining the amounts of retardation in growth (mm. In curve 1, the point a represents the normal growth reached at the end of seventy-six hours; point c, growth attained under a total irradiation of three minutes (one minute daily); point e, total irradiation of six minutes; point g, total irradiation of fifteen minutes. The lines cd, ef, gh and ij indicate the rates of retardation (mm.) of growth under various daily periods of irradiation.
The inset in the upper right-hand corner shows the average daily retardation (mm.) of growth of seedlings (kept in darkness) for various daily periods of irradiation.
By simple calculation, therefore, we find that the daily retardation in growth and the time of irradiation are correlated as follows:
Length of daily period Retardation of irradiation (minutes)
The insert in the upper right-hand portion of figure 5 shows the average daily retardation (mm.) of growth of seedlings, kept in darkness, for various periods of irradiation. The curve is for turnip seedlings (table  III) . For example, the value of mm. daily retardation of growth under a daily irradiation of one minute by the mercury quartz lamp operated at 70 volts and at a distance of 50 cm. from the seeds is obtained by taking the differences between curves 1 and 2 of figure 3 at each successive twentyfour-hour period and dividing these differences by the number of periods of irradiation.
Discussion
We have not attempted to measure the energy* received by the seeds and seedlings under the conditions of our experiments. In fact, if one attempts to measure radiant energy, the problem is complicated, for there is no single instrument or method which will measure heat, light and ultra-violet rays with equal completeness and accuracy. However, in these experiments the same lamp was operated at the same voltage and distance in each instance; * Since this paper was prepared we have measured the distribution of energy and the total radiation from the air-cooled mercury vapor lamp used in these experiments; when operated at various voltages. A Ooblentz thermopile (12 junctions, iron and constantan) and a Coblentz galvanometer, both of which were properly mounted and screened, were employed for the measurement of the radiant energy. The standard source of radiation was a carbon filament incandescent lamp, calibrated by the Bureau of Standards. The intensity of radiation, as certified by the Bureau, is 52.3 x 10-8 watt for each square millimeter of receiving surface, when the lamp carries a current of 0.300 amperes under 96.6 volts and is placed at a distance of 2 meters from the receiving instrument. After obtaining the deflections of the galvanometer when the thermopile is exposed to the standard lamp (operated at a distance of 2 meters under the conditions previously specified) and the air-cooled quartz mercury vapor lamp (operated at 70 volts and at a distance of 3 meters), it is possible to calculate the watts for each square millimeter received by the thermopile when the mercury are is at a distance of 50 cm. from the receiving instrument. Such a calculation shows that the energy received by the seeds and seedlings when exposed to the lamp operated at 70 volts and at a distance of 50 Cm. is 5650 x 10-8 watt. With appropriate selective filters it was found that the distribution of energy from the lamp was approximately 30 per cent. infra-red, 33 per cent.
visible, and 37 per cent. ultra-violet radiation. hence the energy received may be safely assumed to be proportional to the time of irradiation.
In searching the literature (which we find sparse and difficult to obtain) we find some statements and conclusions which are in support, in whole or in part, of the findings in this paper. On the other hand, there are some apparent disagreements. The spores and seeds of certain plants (for example, the spores of some ferns and Viscum seeds) have long been said not to germinate in darkness. Other seeds seem to be delayed or prevented from germination by light (7), as in the case of the seeds we have investigated. By modifying the conditions, however, and by further consideration of the natural habitat for germination of the seeds concerned, germination may nevertheless take place. These results are, -of course, of practical importance to nurserymen, florists and farmers. An excellent resume of this subject is given by MOLISCH (8).
The observations of KLEBS (6) on the influence of light of different wave-lengths or colors (qualities) and amounts (quantities) of energy, making use of accurate means of quantitative determination, show that the germination of the spore of the fern (its cell division and cell growth) the growth of the plant (prothallus) in length, breadth and thickness, as well as the formation of the organs of sexual reproduction, are greatly affected by both the amounts and qualities of the radiant energy. Thus KLEts showed that, under ordinary conditions, fern spores will not develop in darkness, neither does illumination with blue, violet or ultra-violet radiations stimulate them to growth. On the other hand, cell division and cell differentiation are said to be more strongly influenced by light rays of the lesser wavelengths (blue and violet) than of the greater wavelengths (red).
Many theories, couched in more or less technical terms, have been advanced to explain the stimulating effects of light on living protoplasm and living organisms (2) . Critical reviews of these are to be found in the writings of BLAAUW and of K6NIGSBERGER. But it is certainly not possible at the present time to reach an adequate explanation of how the living cell and the living organism are affected, chemically and physically, by light. Changes in the permeability of the cell membranes and in the nature and rate of the intracellular chemical reactions may be conjectured, but this is all very incomplete. Still, the influence of photochemical or other rays on the permeability of the cytoplasmic membranes must be considered as being involved in germination, growth, and movement (1, 3). Conclusions 1. In seeds which normally germinate and grow in darkness and underground, the most rapid germination and maximal growth were attained by the normal, non-irradiated seeds and roots kept constantly in darkness.
